Pyrazoles 1.

Synthesis of 4-Hydroxypyrazolo[3,4-d]-v-triazine

A New Analog of Hypoxanthine

By C. C. CHENG, ROLAND K. ROBINS, KATHERINE C. CHENG, and DOLORES C. LIN

Treatment of 3-amino-4-pyrazolecarboxamide with nitrous acid yielded 3-diazo-4-
pyrazolecarboxamide, which was cyclized to 4-hydroxypyrazolol3,4-d}-v-triazine

in aqueous solution.

The latter is a structural analog of hypoxanthine as well as

an aza analog of allopurinol.

STRUCTURAL ANALOG of hypoxanthine (Ia), 4-

hydroxypyrazolo[3,4-d]pyrimidine  (IIa, 4-
HPP, allopurinol, Zyloprim), was synthesized and
reported in 1956 (1, 2). Compound Ila has since
been found to be effective against hyperuricemia
associated with gout in man (3-11). Tt is remark-
ably well tolerated by patients, and serious side
effects have not been encountered (12-16). Meta-
bolic studies revealed that many compounds of this
type are potent inhibitors of xanthine oxidase (4, 14,
17-23), the enzyme responsible for the oxidation of
hypoxanthine (Ia) to xanthine (Ib) and to uric acid
(I¢). This compound can, therefore, be used to re-
duce the hazard of uric acid nephropathy in patients
with leukemias and lymphomas, in whom rapid lysis
of cells is expected to occur (24). It has also been
used to potentiate the therapeutic index of 6-
mercaptopurine (17, 18).

or 8 position (28), synthesis of an aza analog of allo-
purinol (ITa), 4-hydroxypyrazolo(3,4-d]-v-triazine
(IV) was proposed. Compound IV itself would not
be subject to attack by xanthine oxidase, and thus
could well be a better inhibitor of the enzyme. The
fact that many 2-azapurines possess activity as in-
hibitors of neoplastic cells (29, 30) and of micro-
organisms (31) suggests that compounds such as IV
might be useful as chemotherapeutic agents.
Treatment of 3-amino-4-pyrazolecarboxamide (1)
with nitrous acid yielded a tan-colored compound
which decomposed violently at ca. 165-170° on
rapid heating. Although this product gave the cor-
rect elemental analysis for IV, a sharp, intense infra-
red absorption peak at the 4.5-u region and a positive
Bratton-Marshall test (32) indicated the presence of
a diazo group. Hence the product was actually the
uncyclized  3-diazo-4-pyrazolecarboxamide (V).
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Allopurinol itself is gradually metabolized iz vivo H o
by xanthine oxidase to 4,6-dihydroxypyrazolo[3,4- N;N N\N N, N\N
dlpyrimidine (25, 26) (IIb, isoxanthine, alloxan- L | l Q)
thine). Although IIb is still an inhibitor of xanthine Na H.N—C
oxidase, it is no longer as effective as allopurinol. - il
Further metabolic oxidation of IIb to a uric acid- OH
type analog is not feasible owing to the aza substit- v \%

uent in the original “purine-Cs’’ position.

Some 2-azapurines (III, imidazo[4,5-d]-v-tria-
zines) are also found to be inhibitors of xanthine
oxidase (27). The most active one of this class, 2-
azaadenine (IIlb), was reported to be rapidly at-
tacked by this enzyme to form a somewhat less
effective inhibitor, 8-hydroxy-2-azaadenine (27)
(IIlc).

Since xanthine oxidase oxidizes purines at the 2, 6,
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Formation of a similar compound, 5-diazo-4-imi-
dazolecarboxamide, from 5-amino-4-imidazolecar-
boxamide and nitrous acid has also been reported
(33).

The desired cyclized compound, 4-hydroxypyra-
zolo[3,4-d]-v-triazine (IV, 4-HPT), can be readily
obtained by treatment of V with dilute alkali or, less
readily, with dilute acid. Compound IV did not
give a positive Bratton-Marshall test (32), possessed
no infrared absorption in the triple or cumulative
double bond region. It can be recrystallized from
water as a monohydrate.

Compound 4-HPT was tested as an inhibitor of
xanthine oxidase from bovine milk. A 509 in-
hibition of the enzyme was observed by 4-HPT at a
concentration of 7.4 uM in the presence of 8.1 uM
of hypoxanthine as a substrate.
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EXPERIMENTAL!

3-Diazo-4-pyrazolecarboxamide (V)—To a finely
powdered suspension of 35 Gm. (0.2 mole) of 3-
amino-4-pyrazolecarboxamide hemisulfate (1) in
350 ml. of water cooled to 0° was added, with me-
chanical stirring, 16 Gm. (0.23 mole) of sodium ni-
trite dissolved in 60 ml. of water. The mixture was
stirred for 3 hr. at 0° and the resulting tan solid
was collected by filtration and washed successively
with water, methanol, and ether. The yield after
overnight air drying was 18 Gm. (66%,), which, on
rapid heating, decomposed violently with a sharp
sound. The product, which is analytically pure, is
surprisingly stable under ordinary storage condi-
tions. Jt gave a positive Bratton-Marshall test
(32) and exhibited a diazo absorption band at 4.5 u.
NHD 956 my (e 6,000); NEM 311 my (e 5,500).

Anal—Caled. for C;H;N;0: C, 35.03; H, 2.20;
N, 51.09. Found: C, 34.74; H, 2.36; N, 51.00.

4-Hydroxypyrazolo|3,4-d]-v-triazine Monohy-
drate (IV)—A white crystalline solid gradually
separated on standing from the filtrate of the pre-
ceding experiment. The product was collected by
filtration, washed with a small amount of cold
water, and dried to yield 4 Gm. of IV.. The com-
pound, which is quite soluble in methanol, decom-
posed abruptly (but not as violently as V) at ca.
180° on rapid heating; slow heating did not cause
it to decompose or melt up to 360°. The product
is analytically pure but recrystallization from hot
water changed the color of the solid from white to
light yellow. The ultraviolet and infrared absorp-
tion spectra were, however, identical. Compound
IV did not show a triple bond absorption peak and
failed to yield a positive Bratton-Marshall test (32).
AL 270 mp (e 5,500); A2EE 312 mp (e 5,800).

Anal—Caled. for CH3;N;0-H,O: C, 30.97; H,
3.25; N, 45.15; H.0, 11.51. Found: C, 31.30;
H, 3.53; N, 44.79; H,0, 11.48.

The same product can also be obtained by the
addition of 10 ml. of 10 & sodium hydroxide to the
stirred suspension of 5 Gm. of V in 100 ml. of water.
The resulting solution was allowed to stir for 40 min.,
filtered, and the filtrate acidified with dilute hydro-
chloric acid. Three and one-half grams of analyti-
cally pure light golden yellow plates were obtained.

1 Melting points were taken ont a Thomas-Hoover melting
point apparatus. The infrared spectra were taken with a
Perkin-Elmer infracord and the ultraviolet absorption
spectra were determined with a Beckman DK-2 spectro-
photometer.
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